In ewes, the ovulatory response of females exposed to familiar rams is lower than the response of those exposed to novel ones. In goats, males rendered sexually active by exposure to long days are more efficient to induce ovulation in seasonal anestrous females than untreated males. Two experiments were conducted to determine 1) whether male goats remain familiar to females after 45 days of separation; and 2) whether photostimulated males are able to stimulate the sexual activity of females, independently of their familiarity with them. In Experiment 1, three groups of goats (n = 10 goats per group) were put in contact with males (n = 2 per group) during 10 days in November (familiarization period). These males were called familiar males. After 15, 30 and 45 days of separation from the males, females of each group were exposed to familiar or novel males during 10 min. In each test, goats in contact with novel males displayed more distress bleats, escapes, head butts, and sniffing than those in contact with familiar males (P < 0.05). In Experiment 2, we used sexually inactive (n = 4 control males), and sexually active males (n = 4 photostimulated males). In February, two groups of goats (n = 50 each) were put in contact with control or photostimulated males (n = 2 each) during 10 days ("familiar" control or photostimulated male, respectively). After 45 days of separation from the males, both groups of females were further divided into two groups (n = 25 goats per group). In April, two groups were re-exposed to "familiar" control or "familiar" photostimulated males (n = 2 per group), whereas the other two groups were exposed to "novel" control or "novel" photostimulated males (n = 2 per group). The photostimulated males displayed a higher level of sexual behavior than the controls. The proportion of goats that ovulated and displayed estrus was higher when exposed to the photostimulated males than when exposed to control ones (≥80% vs. 0%; P < 0.05). These proportions did not differ between groups exposed to familiar or novel photostimulated males (P < 0.05). We concluded that after 45 days of separation, males are still familiar to females. The photostimulated males are able to induce the sexual activity of seasonally anestrous goats independently of their familiarity with them.
Introduction
In breeds of goats and ewes that display reproductive seasonality, the introduction of a male into a group of seasonal anovulatory females induces an immediate increase in the secretion of LH, leading to ovulation associated or not with estrous behavior. This phenomenon is known as the "male effect" [1] [2] [3] . Many factors influence the endocrine and ovulatory responses of females exposed to males, among which are the intensity of the male's sexual behavior, the degree of familiarity with males, and the previous period of separation between sexes.
In small ruminant females showing a strong seasonality, the endocrine and sexual changes associated with the male effect are low or absent in most females during the mid-anestrus, probably due to a decrease of the sexual behavior of males that are also in sexual rest [4] [5] [6] . However, when bucks are submitted to artificial long days followed by natural photoperiod to stimulate their sexual behavior during the natural sexual rest, these males become able to stimulate the secretion of LH, estrous behavior and ovulation in most anestrous females [7] [8] [9] . These results suggest that the intensity of sexual behavior of males is an important factor for the success of the male effect.
Another factor that could modify the effectiveness of the male effect is the use of "familiar males", i.e. males already known by females. Indeed, different studies suggest that familiarity plays an important role in social recognition. In fact, it was demonstrated that goats are able to recognize group members relying on olfactory and visual cues [10] . Interestingly, in sheep, females are able to remember familiar individuals over very long periods of time (>2 months; [11] ). In addition, Keller et al. [12] demonstrated that ewes were able to recognize familiar flock partners in comparison to a completely unfamiliar female after only 24 h of direct contact. More interestingly, it was shown that the endocrine response of females is higher when they are exposed to novel males in comparison to familiar ones. Indeed, when ewes were exposed for 3 months to males (familiar males), and re-exposed to familiar or novel males after 15 min of separation during the anestrus season, only the novel males were able to increase the frequency of LH pulses [13] . In another study, females remained with males during 3 months, and were then re-exposed to them (familiar males) or exposed to novel males after 15 min or 1 month of separation [14] . This study demonstrated that novel rams increase the pulsatile LH secretion and stimulate LH surge in all females after either 15 min or 1 month of separation, whereas familiar ones are able to increase pulsatile LH secretion only after 1 month of separation and stimulate a preovulatory LH surge in only a third of females [14] . Overall, these results suggest that in ewes, the familiarity of males plays an important role in the response of females to males. In addition, these results suggest that familiar males may become novel again after about 1 month of separation of females.
For decades, it has been thought that females must be previously isolated from males to respond to the male effect. In ewes, it was shown that periods of 21 or 17 days of isolation were sufficient to ensure an ovulatory response in females exposed to males [15, 16] . Furthermore, Cohen-Tannoudji and Signoret [17] found that ewes showed an increase of LH pulsatility when they were re-exposed to males after 24 h of separation. Similarly, in goats, it was suggested that a period of at least 3 weeks of separation between sexes was necessary so that females were able to display the male effect [2] . However, it was demonstrated that previous separation between sexes is not necessary when males are naturally sexually active or stimulated by exposure to artificially long days [18, 19] . In fact, in one of these studies, most females (9/11) that remained during about three months with sexually inactive males due to the seasonal quiescence, displayed estrous behavior and ovulated when they were re-exposed to photostimulated bucks. In contrast, no females displayed estrous behavior and only 1/11 female ovulated when they were re-exposed to another sexually inactive buck [19] . These later results suggest that the sexual behavior of males plays an important role in inducing the sexual activity of does. However, it is difficult to interpret the results reported by Véliz et al. [19] , because the study does not mention if the sexually active or inactive males that were re-introduced with females were familiar or novel bucks.
Considering that photostimulated bucks are very efficient in inducing the sexual activity of seasonally anestrous females, we hypothesized that sexually active bucks would be able to stimulate the estrus and ovulatory activities of females, independently of their familiarity with them. To test this possibility, we exposed females in seasonal anestrus to a 10-days period of "familiarization" with males that were either subjected to a photoperiodic treatment or kept under natural photoperiod, and re-exposed them to either a familiar or novel male after 45 days of separation.
Materials and methods

General
The procedures used in this experiment were in strict accordance with the Official Mexican Rule for the technical specifications for the production, care, and use of laboratory animals [20] .
This study was conducted during the non-breeding season using local goats from Laguna Region at the State of Coahuila, Mexico (latitude 26° 23′ N, longitude 104° 47′ W). The photoperiod in this region varies from 13 h 41 min of light at the summer solstice to 10 h 19 min of light at the winter solstice. The seasonal anestrus in females isolated from males occurs from February-March to August-September; the sexual rest in bucks isolated from females occurs from December-January to May-June [21, 22] . During the whole study, females and males were fed with 2 kg of alfalfa hay (18% CP) and 200 g of commercial concentrate feed (14% CP; 1.7 Mcal/kg) with free access to water and mineral blocks.
Experiment 1
Females and familiarization period
On November 15th, female goats were divided in three groups (n = 10 each), and kept in three, 10 × 10 m, different shaded open pens. The distance between pens was at least 100 m. On November 20th, the females of each group were put in direct physical contact with males (n = 2) and remained with them during 10 days. The aim of this procedure was that males become "familiar" to females. After the 10-days period of contact, on November 30th, males were removed from the three groups of females and put in another pen located at least 200 m from the pens of females. Females of each group remained together until the recognition tests were performed.
Measurements
With the aim to prove that females are able to recognize males after a previous separation period of 15, 30 and 45 days, we used the paired closed encounters test, which has been previously used to test the discrimination between familiar or novel individuals in sheep [23, 12] . Each doe was individually tested in two stages: for half of the females, the test was performed first with a familiar male and second with a novel male. By contrast, the other half of the females was tested first with a novel male and second with a familiar male. The time between the first test and the second test was around 2 h. Before starting the test, each doe was removed from its pen and introduced into an independent pen test (2 × 2 m) during 2 min. After this period, one "familiar" or "novel" male (no prior contact with females) was introduced during 10 min and the following behaviors displayed by the doe were scored; the number of distress bleats, escapes, head butts, and sniffing. After the tests, each doe was placed in a new independent pen with the aim of avoiding the transmission of smell of the male to the other females.
Statistical analyses
The Wilcoxon Signed-Rank test was used to compare the behaviors displayed by each female in presence of familiar or novel males within each test. The Kruskal-Wallis test was used to compare the behaviors displayed by females in presence of familiar or novel males between each test.
Experiment 2 2.3.1. Stimulation of sexual behavior of males
We used eight adult bucks that had never been in contact with the females used in this experiment (see Section 2.3.3). Four bucks were kept under natural variations of day-length during the whole experiment. These males were the control males. Another four adult male goats were subjected in a 10 m × 5 m shaded open pen to a photoperiodic treatment to induce their sexual activity during the non-breeding season as described previously [24] . These bucks were the photostimulated males. Briefly, males were exposed to artificial long days (16 h of light/8 h of darkness) from November 1st to January 15th. From January 16th on, males were exposed to natural variations of day-length until the end of the study. This photoperiodic treatment stimulates testosterone secretion in March and April and, as a consequence, improves the intensity of sexual behavior and odor during the months corresponding to the non-breeding season [24, 25] .
Females and familiarization period
On January 27th, non-pregnant female goats were divided in two groups balanced for body condition score (BCS; [26] ) and kept in two different, 10 × 10 m, shaded open pens. On February 3rd, one group of does (n = 50; BCS: 2.0 ± 0.2; mean ± SEM) was put in direct physical contact with the control males (n = 2), whereas another group of does (n = 50; BCS: 2.1 ± 0.1) was put in direct physical contact with the photostimulated males (n = 2). The distance between these pens was about 100 m. The photostimulated males were put in contact with the does 19 days after the end of the photoperiodic treatment, when they were still sexually quiescent, and the control males were already in sexual rest [24] . The contact between females and males lasted 10 days, in order to expose both groups of females to sexually inactive males. On February 13th, control and photostimulated males were removed from both groups of does. Females from both groups remained together in their respective open pens until the males were re-introduced (see below). The objective of this pre-exposure period was that control and photostimulated males became "familiar" to does [11, 12] . Thereafter, the males used during the familiarization period were called familiar control or familiar photostimulated males.
The male effect
On March 14th, 21st and 28th, all the multiparous goats (n = 100) exposed in February to control or photostimulated males were submitted to a transrectal ultrasonography to determine their ovarian cyclicity using an Aloka SSD-500 scanner connected to a transrectal 7.5 MHz linear probe. None of the females presented corpus luteum. Therefore, all of them were considered in seasonal anovulation. On March 28th, the two groups of goats were further divided (n = 25 each) according to their BCS: goats exposed in February to control males were divided in two groups. Thereafter, on April 2nd (day 0 at 08:00), one group (BCS: 1.9 ± 0.1) was re-exposed to the "familiar" control males (n = 2), whereas the other one (BCS: 1.9 ± 0.3) was exposed to the "novel" control males (n = 2). Females previously exposed to the photostimulated males were also divided in two groups: one group (BCS: 1.9 ± 0.3) was re-exposed to the "familiar" photostimulated males (n = 2), whereas the other one (BCS: 1.9 ± 0.1) was exposed to the "novel" photostimulated males (n = 2). Each group of females exposed to males was divided into two subgroups so that each buck individually stimulated 12 or 13 females. The four groups of females remained in contact with their respective males for 18 days. The distance between the four groups of females was about 100 m to prevent any visual or auditory contact between groups.
Measurements
To ensure that bucks used in this experiment displayed levels of sexual behavior corresponding to their respective group, sexual behavior was individually recorded for 1 h by trained observers, from 08:00 to 09:00, on day 0 and 1 following their introduction into the groups of females. One hour of observation in the first two days after male introduction allowed to discriminate the differences in sexual behavior between the sexually active and inactive male goats [27, 28] . The following behaviors were recorded; nudging, ano-genital sniffing, mount intention movements, self-urination and flehmen [5, 29, 30] . Fig. 1 . Number of behaviors (mean ± SEM) displayed by female goats individually exposed during 10 min to "novel" (■) or "familiar" (□) bucks after 45 days (A), 30 days (B) or 15 days (C) of separation. Prior to the tests, females of each group remained in contact with males (n = 2) during 10 days (familiarization period). These were called the "familiar males" (*P < 0.05).
The ovarian activity was assessed by the presence of corpora lutea observed in each female by transrectal ultrasonography 6 and 19 days after the introduction of males using the same equipment (see Section 2.3.3). In addition, the presence of corpora lutea was confirmed by progesterone levels. For this aim, blood samples were obtained daily from each female from day 0 to day 9 and every 3 days from day 12 to day 18 after the introduction of males. All 5-mL samples were collected by jugular venipuncture in tubes containing 30 μL of heparin and centrifuged immediately at 3500 × g for 30 min; the obtained plasma was stored at −20 °C until progesterone concentrations were measured by immunoenzymatic assay as described by Canépa et al. [31] . Sensitivity was 0.25 ng/mL. The intra-and inter-assay coefficients of variation were 8 and 10%, respectively. Females in which progesterone increased to ≥1.0 ng/mL were considered to have ovulated [32] .
Estrous behavior of females was monitored twice daily (between 08:00 and 09:00 and between 18:00 and 19:00) during the 18 days of the study. A female was considered in estrus if she stood immobile when mounted by the male [33] . A high percentage of female goats displayed short estrous cycles when exposed to the sexually active males. Therefore, in this study, the percentage of these cycles and their duration were inferred from the monitoring of estrus, and duration was defined as the number of days between the beginnings of two consecutive estruses. Duration of short estrous cycle is <17 days [33] . In females that displayed short estrous cycles, the estrus-ovulation association was determined at first and second ovulation, whereas in females that displayed normal estrous cycles, this association was determined at the first ovulation. In both cases, results were reported as the percentage of females that displayed estrus accompanied by ovulation. Fig. 2 . Sexual behavior of males. Individual values of mean occurrences of nudging, ano-genital sniffing, mounting attempts, self-urination and flehmen in males (n = 2 per group) interacting with seasonal anestrous goats. Familiar (•) or novel (○) control, sexually inactive males, were kept under natural variations of day-length during the whole experiment. Familiar (■) or novel (□) photostimulated males were rendered sexually active by exposure to artificial long days (16 h of light per day) from November 1st to January 15th followed by natural photoperiodic conditions. Sexual behavior of males was observed from 08:00 to 09:00 on day 0 and 1 following their introduction in the groups of females.
Statistical analyses
The percentages of females that showed estrous and/or ovulation, short or normal ovulatory cycles and the association between estrous and ovulation were compared by Chi-Square test. A two-sample t-test was used to assess statistical differences between the duration of short ovulatory cycles. Sexual behavior of bucks could not be statistically analyzed due to the low number of males in each group (n = 2).
Analyses were computed using the statistical package SYSTAT 13 [34] . Data were expressed as the mean ± standard error of the mean and differences were considered significant at the level of P ≤ 0.05.
Table 1.
Estrus and ovulatory responses of anestrous female goats exposed to familiar or novel control, sexually inactive males that were kept under natural variations of day-length, or exposed to familiar or novel photostimulated males rendered sexually active by exposure to long days (16 h of light per day) from November 1st to January 15th followed by natural photoperiodic conditions. * The latency to first estrus and the duration of short ovarian cycles were expressed as the mean ± standard error of the mean
Groups of females in contact
Results
Experiment 1
Behavior of females
Goats in contact with novel males displayed more distress bleats, escapes, head butts, and sniffing at 15, 30, and 45 days than those in contact with familiar males (P < 0.05; Fig. 1 ). However, time did not affect the evolution of these variables between successive expositions (P < 0.05), suggesting a strong and longterm maintenance of this social recognition.
Experiment 2 3.2.1. Sexual behavior of males
Sexually active males seemed to display a higher level of sexual behavior than sexually inactive ones. Indeed, the occurrences of all the behaviors considered, including nudging, ano-genital sniffing, mounting attempts, self-urination and flehmen expressed by the photostimulated males were higher than those expressed by control ones (Fig. 2) .
Estrous and ovulatory responses of goats
The proportion of goats that ovulated or showed estrous behavior at least once was higher in the groups exposed to familiar or novel photostimulated males, than in the groups exposed to familiar or novel control males (P < 0.05; Table 1 ; Figs. 3 and 4) . Indeed, during the whole study, none of the goats in contact with familiar or novel control males displayed estrous behavior or ovulation. In contrast, most goats exposed to familiar or novel photostimulated males showed estrous behavior (≥80%) and ovulated (96%) at least once during the whole study. The proportion of females that showed estrous behavior or ovulated did not differ among groups exposed to familiar or novel photostimulated males (P > 0.05). In addition, the proportion of goats that displayed normal or short estrous cycles did not differ between groups (P > 0.05). Finally, in females exposed to familiar or novel photostimulated males and displaying short estrous cycles, the estrus ovulation association at the first (75% vs. 70%) and second (100% vs. 100%) ovulation did not differ between groups (P > 0.05). Similarly, in females exposed to familiar or novel photostimulated males displaying normal estrous cycles, the estrus-ovulation association (67% vs. 100%) did not differ between groups (P > 0.05). After day 10, no estrous behavior or ovulations were recorded (Fig. 3) . Fig. 3 . Estral response of goats exposed to males. Daily percentages of females that displayed estrous behavior after introduction of familiar (■; n = 25) or novel (□; n = 25) photostimulated males. None of the females exposed to familiar or novel control males showed estrous behavior and are therefore not represented in the figure. The photostimulated males were rendered sexually active by exposure to artificial long days (16 h of light per day) from November 1st to January 15th followed by natural photoperiodic conditions.
Discussion
The aim of this study was to determine whether males remain familiar to females after 45 days of separation, and to whether photostimulated males are able to stimulate the sexual activity of females, independently of their familiarity with them. Therefore, in this study we showed that males remain familiar to females after 45 days of separation, and that photostimulated bucks are able to induce sexual activity in seasonally anestrous goats, independently of whether they are "familiar" or "novel" males. Indeed, the percentages of females that displayed estrous behavior or ovulated when exposed to photostimulated males was high and did not differ between does exposed to the familiar or novel photostimulated males. In addition, the characteristics of the sexual responses to the introduction of males, such as the percentages of short or normal estrous cycles, and the duration of the short cycles did not differ between females in contact with the familiar or novel photostimulated males. In contrast, neither estrous behavior nor ovulations were observed in goats exposed to the familiar or novel control males. Our results are in accordance with previous studies that showed that photostimulated males are able to induce sexual activity in most females, whereas the control bucks are unable to do so in seasonally anestrous goats [5, 35, 36] . Taken together, these findings confirm our hypothesis that sexually active males are able to stimulate the sexual activity of female goats, independently of their familiarity with them. In addition, our results support the hypothesis that in goats, the sexual behavior of males is a key factor to stimulate the estrous and ovulatory activities of females subjected to the male effect.
Fig. 4.
Representative profiles of plasma concentration of progesterone of goats exposed to males. Individual patterns of plasma progesterone concentration in goats exposed to familiar (•) or novel (○) control, sexually inactive males, or to familiar (■) or novel (□) photostimulated males. The photostimulated males were rendered sexually active by exposure to artificial long days (16 h of light per day) from November 1st to January 15th followed by natural photoperiodic conditions. The bars indicate the duration of estrous behavior.
Our results showed that the exposition to novel males did not increase the sexual response of females, unless these males were sexually active. Indeed, most females displayed estrous behavior and ovulated when exposed to the photostimulated males, independently of whether they were familiar or novel. In contrast, no females displayed sexual activity when in contact with control males, independently of whether they were familiar or novel. Our results are not consistent with those reported in sheep, in which novelty of male stimulus is considered to be an important factor to stimulate the endocrine and sexual activities in ewes [13, 14] . In fact, all ewes displayed a LH surge when they were exposed to novel males after 1 month of separation, whereas familiar males were able to induce a LH surge only in a third of females after the same period of separation [14] . Based on these later results, it was suggested that familiar rams might have become unfamiliar again after one month of separation from females [14] . However, this hypothesis was not validated here in goats, and seems in contradiction with results indicating that ewes are able to remember familiar individuals over very long periods of time (>2 months; [11] ). In the present study, even if males and females remained separated for 45 days after the familiarization period, control novel males did not trigger a better sexual response in females than familiar ones. The reasons for the difference between our results and those reported in sheep are not clear, but this difference could be related to species, breeds or to the fact that we used photostimulated males, which displayed an intense sexual activity [3, 6, 37] .
The importance of male sexual behavior in triggering endocrine and ovulatory responses in seasonally anovulatory female goats from subtropical regions has been well described in the literature. Indeed, this postulate is supported by several studies published by our group. Firstly, Delgadillo et al. [36] showed that females that remain with control males start their ovulatory activity in June, when males become sexually active. When females were exposed to photostimulated males, they started to ovulate before the onset of the natural breeding season, when males increased their sexual behavior. Secondly, it was shown that goats that remained in contact with males during three months ovulate when they are re-exposed to photostimulated, sexually active bucks, but not when they are re-exposed to control, sexually inactive ones [19] . Thirdly, in another study using goats of the same breed as used in the current study, none of them experienced a LH surge nor ovulation when exposed to sedated, photostimulated males, which emitted a strong odor but did not display any sexual behavior. In contrast, does exposed to intact, photostimulated males, which emitted a strong odor and displayed an intense sexual behavior, did so [38] . In the present study, the sexual behavior of the photostimulated males was more intense than that displayed by the control ones. Therefore, we can suppose that the photostimulated males were able to reactivate GnRH/LH secretion, thus allowing ovulation; whereas the control males did not do so. Interestingly, the reactivation of the gonadotropic axis induced by the photostimulated males was independent of whether they were familiar or novel. Altogether, our results and those mentioned above indicate that, in goats, the sexual behavior displayed by males is more important than the familiarity between males and females in inducing the ovulatory activity in seasonally anestrous goats exposed to the male effect.
